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Abstract 
In lignite-fired power plants, the high water content of lignite (35-40%) is responsible for significant reductions in 
boiler efficiency due to the large amounts of heat loss experienced through water evaporation during coal combustion. 
Installation of a water condensation device in the outlet of the desulfurization absorption tower can recover 
substantial amounts of water and latent heat from the flue gas that containing saturated steam. In the present study, a 
pilot test platform was built into a 600MW lignite-fired power plant, and a 50,000m3/h flue gas flow was been 
extracted and cooled by 5ćduring the test. Using our theoretical model for this energy efficiency innovation, the test 
results demonstrate that 129.5GJ/h of latent heat can be recovered and 61.6t/h condensate water can be collected from 
the flue gas (2,500,000m3/h) for the600MWlignite-fired power plant. The wet flue gas desulphurization system (wet 
FGD) consumes the supplemental water of 60-80 t/h for this power plant. Consequently, the water recovery quantity 
of 73 t/h demonstrate that zero net water consumption can be achieved by returning the recovered water back into wet 
FGD. 
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1. Introduction 
The water vapour concentration of flue gas in power plants generally ranges between 5-18% depending 
on the moisture content of raw coal (5%-40%). Moreover, the water vapour in flue gas carries large 
amounts of latent heat, reducing overall furnace efficiency[1, 2]. To pilot test the power plant energy 
efficiency innovation presented in this paper, one of the four 600MW lignite-fired power plant units in an 
Inner Mongolian thermal plant was selected. This, unit burns lignite with high moisture content produced 
by the Shengli coalfield in Xilinhaote, Inner Mongolia. The total moisture content of this lignite is as high 
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as 35-40%, with inner moisture content around 14%. A water condensation device was installed in the 
outlet of the unit’s desulfurization absorption tower in order to recover a significant amounts of 
condensate water and latent heat from the flue gas[3, 4]. This in-depth water saving device is a modified 
macromolecule are (plastic) condensation heat exchanger, which performs water and heat recovery from 
the tail flue gas of the boiler. The device achieved in-depth condensation of high moisture content on the 
flue gas and also recovered gasified latent water produced in the lignite burning process. 
2ˊPilot Test System and Method  
2.1 Pilot Test System  
The pilot test system was built based on similarity simulation principle and scalability of the test results 
from the pilot system to the entire plant, using scalable theoretical modelling of the thermodynamic 
processes. A small amount of flue gas was extracted from the horizontal section of the desulfurization 
tower outlet. The flue gas is sent back to the main flue in front of the Gas-gas Heater through induced fan 
draft and the condensation heat exchanger. To solve low-temperature corrosion and scaling problems, we 
used macromolecule plastic heat exchangers which have better chemical stability and corrosion resistance 
compared to metallic versions. 
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Fig.1 (a) The schematic diagram of pilot test system; (b) Pilot field 
The pilot test system schematic is shown in Fig.1. “Condensation heat exchanger" and other connecting 
pipe lines are placed adjacent to the desulfurization system.  
2.2 The theoretical analysis of condensate water and heat recovery  
The outlet flue gas of the absorption tower is saturated and contains a significant amount of non-
condensable gas. It is the existence of this non-condensable gas that makes the condensation heat transfer 
theory different to that for pure steam. Pure steam condensation heat transfer is due mainly to latent heat, 
while saturated wet flue gas condensation heat transfer includes both latent and sensible heat, the 
proportion of both of these components of heat transfer are related directly to the amount of non-
condensable gas.  
y For saturated wet flue gas with,non-condensable gas quality in the 0.6-0.99range and condensation 
occurring outside the vertical tube, the convection heat transfer coefficient is obtained using the following 
empirical equation (the units being the same as used in the cited reference)[5]: 
Ƚൌ Ɏ൫Ǧ൯ൌ
ǡ൅ǡ
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y Heat absorption amount for the side in cold fluid is calculated as: 
ܳܿ ൌ ݉ܿܿ݌ ǡܿοݐ   (2) 
Whenheat loss is ignored, energy conservation requires that, ݄ܳ ൌ ܳܿ , therefore: 
ߙ݄ ൌ ܳܿߨ݀ܮ ሺݐ݄െݐݐሻ                                                                                                                                       (3) 
y The calculation formula for the condensate water is derived as follows. The liquid film under the action 
of viscous force and gravity is assumed to be uniform motion, ignoring the effects of surface forces on 
liquid film and therefore steam flow, the condensate volume for a unit perimeter wall is calculated as ݉Ԣ , 
where: 
݉Ԣ ൌ ߩʹ݃ߜ͵͵ߤ (4) 
The maximum liquid film thickness on the lowest condensation wall (δmax) is related to 
the corresponding total amount of condensate for a unit perimeter wall as:  
݉݉ܽݔԢ ൌ ߩ
ʹ݃ߜ݉ܽݔ ͵
͵ߤ ൌ
ߙܮሺݐ݄െݐݐሻ
ߛ (5) 
3. Test Result And Discussion 
3.1 The predicted total heat transfer coefficient were compared with experimental data 
Fig.2 (a) shows the theoretical values of total heat transfer coefficient when compared with the 
experimental data. This analysis indicates that the “actual” experimental data performed better than the 
theoretical and predicted values. When inlet flue gas velocity changed, the heat-exchange process 
changed also. The total heat transfer coefficient of the plastic capillary tube heat exchanger can reach 
more than 380W/m2ć, approaching that for metal heat exchangers. 
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Fig.2 (a) Total heat transfer coefficient; (b) Condensate water; (c) Heat recovery 
3.2 Comparison of the oretical, predictedand experimental values of the condensate water and heat 
recovery  
Fig.2 (b), (c) respectively indicate the relationship of the theoretical, predicted and experimental values 
of the condensate water and heat recovery, when the flue gas temperature is dropped from 55ćto 
50 ć .The oretical analysis indicates that the experimental values of the condensate water 
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are consistent withpredicted values for flue gas velocities in the range 4 to 6 m/s. When flue gas velocity 
exceeds 6.5 m/s, the observed condensate water quantity decreases significantly but the predicted values 
do not, probably indicating an inadequacy in the modelling under these conditions. When flue gas 
velocity exceeds 10m/s, observed condensate water quantity remains fairly constant. Also, the observed 
heat recovery for all flue flow speeds was essentially constant throughout, dropping off at very high 
speeds. If the test results are scaled to reflect the entire flue gas flow for the 600 MW power plant burning 
lignite at a rate of (2,500,000 m3/h) with an inlet gas velocity at the heat exchanger of around 5.3 m/s, an 
amount of 61.6 t/h of condensate water can be recovered. The 600 MW unit consumes 60-80t/h of water 
in actual desulfurization. However, the pilot test results and subsequent analysis demonstrates that zero 
net water consumption should be achieved by incorporating the energy efficiency innovation process 
presented herein[6]. 
4. Conclusions 
y The experiment proved that the total heat transfer coefficient of the plastic capillary tube heat exchanger 
can reach more than 380 W/m2ć 
y As the flue gas flow velocity is reduced, the condensation increased. 
y An amount of 61.6 t/h condensate water and 129.5 GJ/h latent heat can be achieved under actual flue 
gas quantity at an inlet flue gas velocity approximately 5.3 m/s. Zero net water consumption can be 
achieved in such a desulfurization process. 
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